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Abstract 
Process cooling is widely applied in various petrochemical and chemical industries. A chilled/cooling water system 
(CCWS) consists of a set of operations which usually operate in parallel configuration along with heat exchangers 
(HE) and chiller/cooling towers. A parallel arrangement of the CCWS would mean the process streams receive 
cooling utility at the supply temperature while series arrangement allow returned chilled/cooling water to be reused 
instead of directly sent to chiller/cooling tower. Also, parallel configurations have reduced cooling efficiency from 
large, thermodynamically unfavorable temperature differences. Previous studies on CCWS have dealt with cooling 
water and chilled water systems separately. The main aim of this study is to develop a procedure for the synthesis of 
an integrated CCWS in an eco-industrial park (EIP). A centralized utility hub is proposed to supply the cooling utility 
to the EIP. Few case studies are used to illustrate the model. Cooling/chilled water at variable supply temperature to 
accommodate the cooling requirement in different contiguous plants. The integration between cooling towers and 
chillers provides intermediate re-cooling to the process streams provides dual savings in terms of energy and 
operating cost.  
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1. Introduction 
Process integration (PI) is defined as systematic, holistic approach to process design and operation, to 
simultaneously reduce resource usage, while minimizing waste production[1]. Yee and Grossmann[2] 
first proposed the stage wise superstructure method to optimize heat exchanger networks. This 
superstructure allows configurations in series, parallel, series parallel and parallel series and options on 
heated water stream splitting, mixing and bypassing. Recently, few research works has dedicated to the 
synthesis and optimization of multiple chilled and cooling water systems separately. Rubio-Castro et 
al.[3] proposed the superstructure of cooling water systems consisting multiple cooling towers yield 
significant better result than the single cooling towers and the power consumption of the proposed 
network design is largely reduced. Lee et al.[4] focused on developing superstructure of chilled water 
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networks in order to reduce the supplied of fresh chilled water. In the same paper, the works is also 
included to reduce the network complexity and improve flexibility.  
As of today, no work has been done on chilled water network with intermediate re-cooling (CWNIC). 
An electric chiller will consume about 10 times as much power as the cooling tower[5] . Therefore, it is 
proposed to include an intermediate re-cooler (using cooling tower) as an attempt to reduce the overall 
energy consumption. In the proposed scheme, the cooling tower provides intermediate re-cooling to cool 
the water temperature between 15-25°C, before it is further cooled down in the chiller. 
 
2. Problem statement 
It is given a set of limiting data from three different plants as shown in Table 1. Process sink (SK) is 
defined as the inlet resource streams to a unit where it is consumed for heat exchange, while process 
source (SR) is the outlet streams in a given process that to be recovered. ܦ௝ܥ݌ and ௜ܵܥ݌ are flow rate heat 
capacity, with subscript j indicates the set for sinks while subscript i indicates the set for the source. It is 
assumed in this work that chilled and cooling water are used as the common cooling utility, with heat 
capacity ܥ݌ of 4.18 kJkg-1°C -1.  
 
Table 1. Process streams data 
 
 Sink, SK Flow rate, 
ܦ௝(kg/h) 
ܦ௝ܥ݌ , 
(kJ°C-1h-1) 
Temperature, 
ܶ݅ ௝݊  (°C) 
Source, 
SR 
Flow rate, 
௜ܵ (kg/h) 
௜ܵܥ݌, 
(kJ°C-1h-1) 
Temperature, 
ܶ݋ݑݐ௜(°C) 
Pl
an
t A
 
SK-A1 366 1528 5.67 SR-A1 225 940 10 
SK-A2 130.60 542 8 SR-A2 31 131 10.5 
SK-A3 90 375 20 SR-A3 31 131 11.11 
SK-A4 80 335 36 SR-A4 76 319 16.67 
SK-A5 80 335 55 SR-A5 258 1079 37.7 
    SR-A6 22 91 39 
    SR-A7 35 144 40 
    SR-A8 35 147 45.88 
    SR-A9 6 27 65.6 
    SR-A10 26 108 88.01 
Pl
an
t B
 
SK-B1 150 627 6.67 SR-B1 50 209 11.67 
SK-B2 30 125 8 SR-B2 100 418 17.67 
SK-B3 60 251 16 SR-B3 60 251 20 
SK-B4 130 543 19 SR-B4 30 125 21 
SK-B5 200 836 25 SR-B5 20 84 25 
SK-B6 170 1965 35 SR-B6 110 460 35 
SK-B7 300 1254 55 SR-B7 450 1881 50 
    SR-B8 520 2174 75 
Pl
an
t C
 SK-C1 120 501 8.67 SR-C1 132 552 10.67 
SK-C2 152 646 26 SR-C2 232 969 44 
SK-C3 162 679 20 SR-C3 73 305 46.67 
        
 
 
3. Case studies illustration 
 
Four case studies are proposed in this work. Base case is the conventional chilled and cooling water 
system where the cooling tower is not integrated into the chilled water system. Case 1 proposed the 
centralized chilled water system whilst each plant has its own cooling water system and cooling tower is 
integrated into the chilled water system. Case 2 and 3 proposed the centralized chilled and cooling water 
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system and the different between both is the former case study has no intermediate re-cooling integration 
and the latter case study does have. Fig. 1 depicts the scenario of the case studies.  
 
Plant A
Plant CPlant B
Plant A
Plant CPlant B
Plant A
Plant CPlant B
Plant A
Plant CPlant B
Base case – Conventional case study without intermediate re-
cooling
Case 1 – Centralized chiller with intermediate re-cooling
integration
Case 2 – Centralized chilled and cooling systems without cooling
water integration
Case 3 – Centralized chilled and cooling water systems with
cooling water integration
Legend
Returned cooling water
Returned chilled water
Supply cooling water
Supply chilled water
Cooling Tower
Chiller
 
Fig. 1. Process configuration of Base Case, Case 1, Case 2 and Case 3 
 
 
4. Results and discussions 
 
From Table 2, Case 3 has the least total annual power consumption. Case 1 and Case 3 are 
comparable since the total power consumption of both cases is not much different. Apparently, integrated 
intermediate re-cooling scheme can reduce the power consumption of CCWS as this scheme is applied at 
both Case 1 and Case 3. Although fresh cooling water is integrated in Base case but there is no 
intermediate re-cooling of the returned chilled water. Case 2 has intermediate re-cooling scheme but the 
fresh cooling water is not integrated back into each plant. Seemingly, intermediate re-cooling scheme 
together with the fresh cooling water integration is the main reason that reduces the power consumption.  
Table 2. Optimization results of Base Case, Case 1, Case 2 and Case 3  
 
 Base case Case 1 Case 2 Case 3 
Total annual power consumption (kW) 69447.04 45431.4 79852.69 45017.31 
Power consumption of cooling tower (kW) 3383.49 3660.68 3297.72 3665.78 
Power consumption of chiller, (kW) 65689.24 41056.12 75624.09 40570.68 
Power consumption of water pump, (kW) 374.31 714.60 930.88 780.85 
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5. Sensitivity analysis 
In this section, multiple process cooling units (chiller and cooling towers) are modelled in the 
superstructure of case 1, 2 and 3.  
Table 3: Multiple process cooling models results of case 1, 2 and 3 
 
 Case 1 Case 2 Case 3 
Total annual power consumption (kW) 45431.4 69640.2 45017.31 
Power consumption of cooling tower (kW) 3660.68 3406.57 3665.78 
Power consumption of chiller, (kW) 41056.12 65257.18 40570.68 
Power consumption of water pump, (kW) 714.60 976.45 780.85 
 
From Table 3, multiple chillers in centralized hub of case 1 have exactly the same total annual power 
consumption in single process cooling unit. Same for Case 3, the multiple cooling towers and chillers in 
the centralized hub has the same total annual power consumption in single process cooling unit as shown 
in Table 2. Apparently, Case 2 required multiple cooling towers and chillers to enhance the cooling 
efficiency in order to reduce the power consumption. 
 
  
6. Conclusion 
 
Conventional process cooling units structure consume large amount of energy. Intermediate re-cooling 
integration structure consumes less power than the conventional structure. It is important to note that, 
building a centralized CWNIC requiring the integration of supplied cooling water into each plants and 
chillers otherwise the process cooling efficiency will not be enhanced. It is also worth to note that 
integrated CWNIC in multiple process cooling units has the same total annual power consumption in 
single process cooling unit. 
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